Abstract This paper documents nominal wage stickiness using an original quarterly …rm-level dataset. We use the ACEMO survey, which reports the base wage for up to 12 employee categories in French …rms over the period 1998 to 2005, and obtain the following main results.
Non-technical summary
This paper analyzes nominal wage stickiness using an original quarterly dataset. Nominal wage stickiness is quite widely acknowledged to be a crucial issue for macroeconomics and in particular for monetary policy. The New Keynesian literature has recently reemphasized the role of wage stickiness and suggested that reliance on microeconomic evidence is relevant. While there is a relatively abundant research assessing wage rigidity with microeconomic data, that research mainly focuses on the issue of downward nominal rigidity, i.e. the fact that nominal wages are not usually observed to decrease. We focus on another concept of wage stickiness which is arguably at least as relevant from a macroeconomic perspective: wage stickiness as de…ned by the fact that nominal wages adjust infrequently and usually with some delay with respect to shocks. Measures of wage stickiness like the frequency of wage change or the duration of wage contracts are often embodied in 'deep'parameters of macroeconomic models for monetary policy, and their value is typically found to have a strong in ‡uence on the degree of in ‡ation persistence or the optimal monetary policy rule.
Our work complements the relatively scarce microeconomic evidence, surveyed e.g. in Taylor (1999) , on these characteristics of wage adjustment. One reason is that microeconomic data on wage are typically available at annual frequency. For instance, existing evidence on the frequency of wage adjustment is mainly based on annual frequency data. Few studies have provided evidence at infra-annual frequencies, arguably particularly relevant frequencies for monetary policy.
The data used are the quarterly individual observations from the survey on Labor Activity and Employment Status (ACEMO) over the period 1998 to 2005. The ACEMO survey collects the level of the monthly base wage excluding bonuses, allowances, and other forms of compensations for 12 representative categories of employees.
We obtain the following main …ndings. The frequency of base wage changes is around 35% per quarter. There is some evidence of downward rigidity in base wages. Wages changes are mainly synchronized within …rms and are to a large extent staggered across …rms, although some across …rm synchronization is induced by minimum wage changes and by seasonality (wage changes are more frequent in the …rst quarter). Strict Taylor or Calvo models fail to account for the dynamics of wage changes, but a signi…cant share of …rms has a Taylor contract-like behavior.
As a further contribution, we carry out an econometric analysis based on an empirical model for wage changes. The econometric set-up is a sample selection model, which allows to address the fact that, in most quarters, the observed change in wage is zero. Wages changes are triggered by decision variables including elapsed duration. Size of changes in wage is related to unemployment and in ‡ation. We also test for expectations of these variables. Our estimation results point to three features of wage setting. First, wage setting is mostly time dependent.
Second, there are both elements of forward and backward-lookingness in wage changes. Third, predetermination seems a relevant feature of wage changes. In particular, while wage changes are implemented on average every two quarters, wage decisions are actually signi…cantly less frequent. Wages changes implemented at some time are then based on 'old'information.
Though several issues are involved when using micro data to assess and calibrate macroeconomic models, our …ndings may be helpful for informing macroeconomic models used for monetary policy. For instance, a relevant issue is to compare the extent of wage stickiness to that of price stickiness. From available evidence on French data, the average duration of price spells is quite similar to that we obtain for wage spells: two to three quarters. However, we …nd wage changes to be predetermined, which suggest that the actual degree of rigidity in wage adjustments is larger than that of price adjustments. In addition, the degree of downward rigidity is much more pronounced for wages than prices: around 15% of wage changes are wage decreases, around 40% for prices. Furthermore, the absolute size of wage changes we obtain is much smaller than that of price changes. Relatedly we reject state-dependency in wage-setting, while the assumption of state-dependence is found to have some relevance for modelling price setting.
Introduction
Nominal wage stickiness is quite widely acknowledged to be a crucial issue for macroeconomics and in particular for monetary policy. The New Keynesian literature has recently reemphasized the role of wage stickiness (e.g. Levin et al. 2006 , Taylor, 2007 , Woodford, 2003 . Reliance on microeconomic evidence has in addition been argued to be relevant by this literature. While there is a relatively abundant research assessing wage rigidity with microeconomic data, that research mainly focuses on the issue of downward nominal rigidity, i.e. the fact that nominal wages are not usually observed to decrease (e.g. McLaughlin, 1994 , Akerlof et al., 1996 , Card and Hyslop, 1997 , and more recently Dickens et al., 2005) . From a macroeconomic perspective, another concept of wage stickiness is arguably at least as relevant: wage stickiness as de…ned by the fact that nominal wages adjust infrequently and usually with some delay with respect to shocks. Measures of wage stickiness like the frequency of wage change or the duration of wage contracts are often embodied in 'deep'parameters of macroeconomic models for monetary policy, and their value is typically found to have a strong in ‡uence on the degree of in ‡ation persistence or the optimal monetary policy rule.
The microeconomic evidence on these characteristics of wage adjustment, surveyed e.g. in Taylor (1999) is relatively scarce. One reason is that microeconomic data on wage are typically available at annual frequency. For instance, evidence on the frequency of wage adjustment is provided in Khan (1997) and Fehr and Goette (2005) using annual frequency data. Few studies have provided evidence at infra-annual frequencies, arguably particularly relevant frequencies for monetary policy. 5 The present paper contributes to …lling this gap by resorting to an original quarterly longitudinal dataset to investigate nominal wage stickiness. We use a large, representative, quarterly survey of French …rms (the ACEMO survey), which reports the base wage for up to 12 employee categories in each surveyed …rm, over the period 1998 to 2005. 6 Using these data, we assess the frequency of wage change, and investigate patterns of wage 5 Gottshalk (2005) is an exception. The use of collective agreement data as e.g. in Taylor (1983) , Christo…des and Wilton (1983) , Cecchetti (1987) , Blanchard and Sevestre (1989) also provide some information at non-annual frequencies. 6 Base wage denotes compensation excluding bonuses, allowances, and overtime adjustment such as the degree of synchronization or staggering, and test for the presence of forward-lookingness and predetermination in wage setting.
The paper is organized as follows. Section 2 reviews the main models of wage rigidity and some monetary policy issues. Section 3 provides a presentation of the wage setting context in France. Section 4 describes the dataset. Section 5 presents the main empirical patterns of wage changes. Section 6 presents econometric evidence on wage adjustments. Section 7 concludes.
Wage stickiness: macroeconomic issues
This section brie ‡y reviews the main models of wage nominal stickiness as well as some monetary policy issues that provide the background for our empirical investigation. 7
Models of nominal wage rigidity
Several models of nominal wage rigidity have been considered in the macroeconomic literature.
One widespread model has been proposed by Taylor (1980) . It assumes that wages are set for a constant period of e.g. one year. This model is motivated by institutional arrangements like those prevailing in the unionized manufacturing sector in the US (Cecchetti, 1987 , Taylor, 1983 ). Taylor's (1980) model assumes in addition that wage contracts are staggered, i.e. that a constant fraction of wage contracts is renewed at each date within the year.
Another widespread model is the random duration model proposed by Calvo (1983) . This model assumes that the probability of a wage change is constant through time. It is usually introduced to represent price changes in New Keynesian General Equilibrium models. It has been recently introduced into these models to also model wage changes (Erceg et al., 2000, and Smets and Wouters, 2003) . The Calvo assumption has no deep microeconomic or institutional foundations. It is nevertheless used in many such macroeconomic models because of its convenient aggregation properties. It has in addition been shown to be a relevant empirical approximation of price changes for some categories of goods (e.g. Fougère et al., 2007) . A common feature of 7 The reader is referred to Blanchard and Fisher (1989, chapter 8) , Taylor (1999 ), or Woodford (2003 for detailed surveys.
Taylor and Calvo models is that they are time-dependent models, as opposed to state-dependent models.
State-dependent approaches attribute nominal wage rigidity to …xed costs such as the costs of opening a negotiation or implementing a wage cut. Such an assumption is put forward by Khan (1997) and Fehr and Goette (2005) to motivate their empirical models. The presence of a …xed cost typically results in state-dependent models in an 'inaction band'for the dependent variable. 8 As a corollary, a large …xed cost should translate into a low frequency of wage changes, and at the same time into a large typical size of a wage change. With …xed costs, the probability of observing a wage change varies across time: it is larger whenever the deviation from the optimal wage is important, leading to state-dependency.
Monetary policy issues
Assessing the degree and the nature of nominal rigidity is an important issue for monetary policy.
Indeed, sticky prices and sticky wages are shown to be crucial elements in macroeconomic models to account for the observed persistence in aggregate output and in ‡ation and to obtain real e¤ects of monetary shocks. In particular, considering sticky wages in addition to sticky prices has been argued to be a fundamental ingredient for generating persistence (e.g. Christiano et al. 2005) .
Furthermore, in a normative analysis, Erceg et al. (2000) have shown that optimal monetary policy involves a trade-o¤ between output and in ‡ation variances only when both prices and wages are sticky. Were only the prices sticky, assuming the absence of any exogenous cost-push shock, the central bank could fully stabilize in ‡ation by stabilizing the output gap (Woodford, 2003, Blanchard and Gali, 2007) . Erceg et al. (2000) study inter alia how the level of consumer welfare depends on the wage contract duration. Furthermore, Levin et al (2005) show that, in a micro-founded macroeconomic model, replacing random duration wage stickiness by Taylor wage contracts substantially modi…es the optimal monetary policy rule as well as the welfare loss resulting from wage rigidity.
Another important issue is whether a path for wage changes is predetermined within a 8 We are however not aware of a formal microeconomic model of wage bargaining with …xed cost of wage change or negotiation.
contract. Predetermined wage contracts, incorporating wage changes set in advance, have been motivated by empirical observation of US union wage contracts (Taylor, 1983) . Long-term union wage contracts typically include escalator clauses, which decide at period t two or more future increases. Fisher (1977) proposed the …rst theoretical model of predetermined wage setting.
When wages are predetermined over more than one period, the Fisher model predicts that monetary policy is non-neutral in the short run, contrasting with the irrelevance of the monetary policy rule that obtains with non-predetermined price setting. 9 Under predetermination nonneutrality obtains even if wages do change at each date, so that the observed frequency of wage change is unity. The frequency of wage changes is thus not a su¢ cient indicator to assess the degree and nature of nominal rigidity. As already noted by Cecchetti (1987) , in presence of predetermined wage change, wage rigidity can be underestimated when measured by simple indicators, like wage spells duration.
Other relevant issues include indexation to the in ‡ation rate and the degree of staggering as opposed to synchronization of wage changes. While the Calvo model involves staggered wage changes by construction, the …xed length contract model may be compatible with either synchronization or staggering of wage changes. Staggered and synchronized wage changes result in di¤erent macroeconomic outcomes in the short-run. In general, it is found that staggered wage setting produces a larger degree of persistence, since staggering gives rise to a contract 'multiplier'
(see e.g. discussion in Woodford, 2003, chapter 3) . With synchronized wage setting, the e¤ect of a shock cannot last longer than the contract length. Finally, indexation of wages or prices to the past in ‡ation rate typically leads to more persistence in the in ‡ation rate, in monetary policy models like those of Christiano et al. (2005) and Smets and Wouters (2003) . This mechanism is found to help …t macroeconomic output and in ‡ation dynamics (see Woodford, 2003, chapter 5) .
Providing estimates on the nature and degree of microeconomic wage stickiness is therefore relevant for monetary policy analysis, and is the objective of the remaining of this paper. The use of micro data to deal with macroeconomic questions raises some issues, which are discussed 9 In a similar spirit, Taylor (1983) concludes that one consequence escalator clauses in wage contracts was to slow down the disin ‡ation process in the United-States during the early 80's.
in the conclusion.
Wage setting: the French context
To allow for a better interpretation of the data and results we review some basic facts about wage negotiations and the French labour market context.
Institutional context
The wage setting process in France involves various levels of decision. The government de…nes the legal framework of wage changes, as well as the evolution of the gross minimum wage (the 'SMIC'). According to the Labour Law, the base wage has to appear in the labour contract. As a consequence, if the employer wants to obtain a decrease of the base wage, it requires a formal revision of the contract, in agreement with the employee. The hourly minimum wage is updated on the 1st of July each year with the following explicit indexation rule:
where g SMIC,t denotes the percentage increase in the minimum wage t g CPI,t is the annual variation of the Consumer Price Index, and g W;t is the percentage increase of workers hourly wage (the 'salaire horaire de base ouvrier') and d t is a discretionary increase that may be decided by the government. In addition, the SMIC is also immediately indexed to in ‡ation whenever the CPI has increased by more than 2% since the last change in the minimum wage. In the non farm business sector, the share of employees paid at the minimum wage was around 9.7% in 1998 and around 15% at the end of the sample period.
Collective wage negotiations involve employers and employees representatives, as well as the government, and take place both at the industry and the …rm-level. 10 At the industry level, collective agreements de…ne a salary scale, which associates a minimum wage to every category of worker. In practice, these agreements are not necessarily binding, since actual wages are often much higher than those minimums and at the bottom of the wage scale, the national minimum wage is even higher than the branches minimums in some cases. Agreements are negotiated at 'Dualism'has been pointed as one main feature of the French labour market (see e.g. Cahuc and Kramarz, 2004) . Permanent contracts, characterized by a high degree of employment protection, cover 86% of the employed labour force. The percentage of …xed-term contracts in the labour force is around 8 % (other contracts being trainees, contracts through temporary employment agency, etc.). However, the majority of new contracts signed are temporary (more than 70% according to Dares, 2006c) , with maximum duration 6 months. The dataset used in the present study does not allow assessing the impact of contract type on wage patterns, since 1 1 Collective agreements include agreements at both industry and …rm level whether a given wage corresponds to a permanent or temporary employee is not known.
The macroeconomic context
During our sample period, i.e. 1998 to 2005, in ‡ation in France remained at a low level around 2%. In ‡ation variability was also low in spite of an oil shock, and uncertainties in the geopolitical environment. In contrast, GDP growth varied from 4.0% in 2000 to 1.1% in 2003.
Over the cycle, labor productivity gains per head tended to ‡atten between 0.5% and 2.0%
per year. The unemployment rate ‡uctuated over the cycle but remained high and persistent between 8% and 11%.
One major event in the sample we consider was the reduction in legal working time. The legal duration is the limit after which further working time is considered overtime. The 35 hours working week was adopted in 2000, …rst for …rms with more than 20 employees and then in 2002 for …rms with less than 20 employees. The previous legal duration of the workweek was 39
hours. Reduction in working time was implemented either as reduction in hours worked per day or through additional days out of work. As a rule, the working time reduction was implemented without cut in the monthly wage, thus the ex-ante labour cost increased sharply (about 11%).
However, …rms bene…ted from payroll tax cuts on lower wages resulting in a partial o¤setting of the labour cost increase. For wage levels in the range of the minimum wage, employer social security contributions were reduced from 12% to 4.2% of the wage (OFCE, 2003) . In addition in the context of the collective negotiations on working time reduction, the maintaining of monthly wage was traded-o¤ against future wages moderation from the part of wage earners in many large companies.
The data
The ACEMO survey
The data used in the following are the individual observations from the survey on Labor In addition to the monthly wage, the dataset includes a limited set of other occupation-or …rm-speci…c variables: hours worked, the sector and the number of employees.
Methodological issues and data treatment
Measurement error is a crucial concern when analyzing wage data. Dickens et al. (2005) attempt to identify the frequency of errors estimating a statistical model of the distribution of wage changes. Gottschalk (2005) uses time series tests for breaks to discriminate between true and spurious wage changes in a survey among individuals. As with other surveys indeed, measurement errors may distort the ACEMO dataset: reporting errors and rounding e¤ects during the data collection. The ACEMO survey is however answered by …rms, which should limit measurement errors, as argued by Altonji and Devereux (1999) and Gottschalk (2005) .
In addition, note that ACEMO survey is designed to provide precise information about hours worked and hourly wages. The base wage does not include overtime pay, and we compute hourly wage using the normal working time that is reported in the survey.
Normal working time is the working time on the labor contract and may be di¤erent from legal working time (i.e. the number of hours above which work is considered as overtime). The empirical distribution of working times reported by …rms is concentrated around legal working time. Our analysis relies on hourly wages and there is a measurement issue insofar as actual working time may di¤er from normal working time (i. e. unpaid extra hours). It is however not clear that we should want to interpret temporary changes in hourly wage resulting from such unobservable ‡uctuations in working time as re ‡ecting wage ‡exibility.
The design of the ACEMO survey may also give rise to a speci…c measurement error issue:
wages trajectories do not necessarily correspond to the same employee through time. However, some checks are performed in the process of collecting the data. Whenever changes between two quarters are larger than 2%, …rms are re-interviewed by the statistical agency -Dares-in order to check whether observations were actually comparable. Furthermore, at each survey vintage dated t; …rms are requested to report, along with current wage of an employee, the employee's wage level in the previous quarter. We use this …gure to compute the frequency of wage changes, so the frequency of wage changes is not a¤ected by employee substitutions. Also, we compare the employee's wage level in the previous quarter to the wage that was declared as 'current wage'by the …rm in the vintage of survey of previous quarter t 1. When the …gures do no match, we disregard the observations in the computation of wage spell durations, so that changes in wages due to changes in individual followed are …ltered out. It could be the case that an employee is replaced by another employee with exactly the same wage. However given the extent of synchronization of wage changes within …rms (documented below), we do not expect that the computation of durations is biased even under such an undetected substitution.
Yet another concern is that the …rms may not report the base wage. We performed some checks by focusing on very short durations. The amplitude of wage changes associated to these durations was of a small amount and not synchronized within …rms, suggesting they do not mainly correspond to bonus payments. Note that to the extend that a misreporting bias may be present, it would lead to overestimate the ‡exibility of the base wage.
In order to produce aggregate measures of the frequency of wage changes and wage durations, the statistics reported in the following are weighted, with ACEMO survey weights. Results with unweighted data were similar. Our analysis focuses on hourly wages. The ACEMO survey measures the number of hours worked per week, and the hourly wage was computed as the ratio of monthly wage over hours worked. Our results were however unchanged when considering monthly wage.
We removed outliers in our analysis. An observation was classi…ed as an outlier if the distance to median of the wage growth rate was in excess of 5 times the interquartile range (di¤erence between third and …rst quartile of wage growth rates). The …nal dataset contains around 3.7 million wage records and around 1.8 million wage spells.
5 Main features of base wage stickiness
The frequency of wage adjustment
We report two indicators of wage stickiness: the frequency of hourly wage change (i.e. the proportion of observations with a wage change) and the duration of wage spell. 13 The indicators are related, the average duration is expected to be close to the inverse of the average frequency of wage change (though the exact relation holds only with unweighted data and absent censoring).
As mentioned above in the ACEMO observations corresponding to the same …rm and to the same occupation at di¤erent times do not necessarily correspond to the same employee, but we are able to overcome this feature using information provided in each vintage of the survey related to the base wage in the current quarter, and to that in the previous quarter.
As expected, we obtain that changes in hourly base wage are infrequent. The frequency of hourly base wage changes is 38% per quarter. The degree of heterogeneity in the frequency of wage change according to control variables is limited: the average frequency does not vary much 1 3 Results computed with the monthly base wage are similar.
across industries, socio-occupational groups or …rm sizes (see Table 1 ). Frequency is higher for large …rms, which may be due to the larger share of employees involved in negotiations in those …rms (88% in …rms between 250 and 2000 employees against 68 % in …rms between 50 and 250 employees, Dares, 2006a) . In order to compare with other studies, the data can also be used to compute the annual (rather than quarterly) frequency of wage changes. The frequency of annual wage changes is 88%. It is not too far from the estimation one would get assuming a constant probability of quarterly wage change of 38% (85% 1-(1 38%) 4 ). It is also consistent with the …gure of 89% obtained by Birscourp et al. (2005) with the same data set but for the year 1997.
[ An informative tool to represent the distribution of wage duration is the hazard function, i.e. the probability of a wage change conditional on the elapsed duration of a wage spell (see e.g. Lancaster, 1990 , for details). To get a sense of how our results might be in ‡uenced by misreporting of base wage by …rms, we identify in the database wage spells of duration one quarter that were either started with a wage increase and ended with a wage decrease, or started with a wage decrease and ended with a wage increase. Our assumption is that those patterns may re ‡ect cases when the reported wage includes some temporary non-base wage components, like bonuses (for cuts, it might re ‡ect misreporting of hours, for instance in the case of sick leave). Excluding such temporary changes we obtain an estimated frequency of wage change of around 34%. Di¤erence with the baseline computation is thus moderate.
Overall, the observed average duration is short in regard of the conventional assumption that wages are typically changed once per year. To rationalize this result, we note that, in collective bargaining, annual agreements on wages are often implemented in the form of two successive predetermined wage changes. 16 Our econometric analysis in section 6 investigates predetermination.
1 5 The hazard function is estimated with the life-table method. The estimator for the hazard rate at duration T is hT = dT =(nT cT =2) where dT is the number of wage changes at duration T; nT the number of spells 'at risk'at a given duration T ; cT the number of censored spells between T and T + 1. 1 6 Avouyi-Dovi et al. (2007) provide evidence that the frequency of implementation of collective agreements is larger than that of achieving collective agreements.
The distribution of wage changes and downward nominal rigidity
The overall probability of a wage change breaks down into a 32% frequency of wage increases and a 6% frequency of wage decreases. Base wages are therefore not strictly subject to downward nominal rigidity. This point is further illustrated by the distribution of wage changes plotted in Figure 3 (the zeros, i.e. observations with no change in wage, have been removed from the histograms since otherwise they dominate the distribution). One may have expected a stricter degree of downward rigidity given that the base wage is an element of the labor contract which may not be decreased without opening a formal negotiation. Since the ACEMO data relate to occupations rather than employees, one possibility could be that many observations of wage decreases in the data result from mismeasured turn-over, rather than changes in the base wage for a given individual. However, wage decreases larger than 2% are speci…cally checked by the data-collecting agency against measurement error, and such changes represent more than half of the wage decreases in the dataset. Most wage decreases are thus presumably 'true' wage changes, though there might be a concern that the …rm reports total pay rather than base wage. Following Birscourp et al. (2005) base wage decreases may be compensated by working conditions that improve following for instance a switch from night-work to day-work.
[FIGURE 3: Distribution of Wage Changes excluding 0s]
The sample average hourly wage change is 2.2% and the average wage increase is 3.2%. Other relevant characteristics of the distribution in Figure 3 are its asymmetry (while the mean is 2.2%, the median wage change is 1.3%) and fat tails (kurtosis is 4.6). These patterns of the distribution of wage change are similar to those found by Dickens et al. (2005) using annual data for various countries. The speci…c peak in the distribution of wage changes, in the 10% to 11% and the 11% to 12% intervals of the histogram, essentially re ‡ects the one-shot reduction in weekly working time many …rms implemented at some point in the sample period. Assuming the monthly wage to be kept unchanged, as programmed in standard workweek reduction agreements, the mechanic impact of a reduction in workweek from 39 to 35 hours should be either +11.3% or +10.6% (i.e.
-ln(152/169) or -ln(151/169)) where 151, 152 and 169 are the working time in number of hours per month reported by …rms. This outlier obviously in ‡uences the sample mean of hourly wage growth and the median-mean spread. In our econometric analysis we control for the reduction in working time by using …rm-speci…c dummy variables for the shift to 39 to 35 hours.
Staggering and synchronization
Time variation in the frequency of wage change provides some indications on the synchronization of wage changes. Figure 4 plots this frequency over time for all wages as well as for wages close to the minimum wage. There is evidence of a large degree of staggering since the frequency of wage changes is in no quarter lower than 20%. Nevertheless, there is some synchronization at work since wages tend to be changed more often in the …rst and in the third quarter. The spike and synchronization in the third quarter is related to the national minimum wage update in July, as con…rmed by the time series of the frequency of changes for wages at the bottom of the wage scale.
[FIGURE 4: Frequencies of Wage Changes Over Time]
While wage changes are largely staggered across …rms, there is a large degree of synchronization of wage changes within …rms. To illustrate this, we …rst consider …rms for which 12 categories of workers are observed at a particular date. For those …rms the event that all employees included in the survey change wage (i.e. exactly 12 simultaneous wage changes are reported)
is observed in 21% of the quarters. If wage changes were staggered within …rms, i.e. independent across workers, one would expect almost no case where the 12 reported wages change together.
The expected proportion for such an event is indeed virtually zero, based on a quarterly frequency of wage change of 38% (38% 12 0%). A similar type of computation can be done for each possible number of workers categories (N cat ) observed. This information is reported in the 12 histograms of Figure 5 . Firms are grouped according to the number N cat of workers categories that are present. For each group of …rms, the histogram reports the distribution of the number of wage changes, which we denote n; occurring in a given quarter for a given …rm.
Obviously, 0 n N cat : If wage changes were independent across categories of workers within the …rm, then the histogram should have a bell-shape resulting from a binomial distribution (at least for most values of the probability of a wage change p). However, the distribution is all cases U-shaped. A …rst mode at zero (no wage change in the …rm) is observed for each histogram.
Furthermore, there is in each case a second mode at the maximum value (n = N cat ), i.e. for the case when all reported employee categories in the …rm experience a wage change.
[FIGURE 5: Distribution of the Number of Wage Changes within Firms]
Indicators of synchronization at the …rm-level can be de…ned from the histograms. As a baseline case, we consider that a set of wage changes occurring at a given date is synchronized if all observed wages in the …rm do change. The (few) cases with only one employee category are removed since they are obviously uninformative about synchronization. We then consider as an indicator of synchronization the share of such synchronized wage changes events among all quarters with at least one wage change. It is as large as 44% (see Table 3 ). This de…nition of synchronization is very restrictive. In the Appendix we consider less restrictive de…nitions of synchronization (not requiring that all employees change wage) and obtain that with two alternative de…nitions the share of synchronized wage changes are 74% and 65%. Note our indicators of synchronization within …rms may be a¤ected by synchronization due to seasonality, rather than to …rm-speci…c synchronization. However, considering these indicators for a speci…c quarter does not change much the results. Considering the year 2002 for instance the …rst indicator of synchronization has a maximum of 49% on the …rst quarter and a minimum of 36% on the second quarter.
[ 
Evidence on Taylor-like contracts
Infrequent wage changes may be consistent with two popular 'time-dependent'models of wage setting: the Taylor and the Calvo models. That Calvo's constant probability of wage change model cannot account for wage dynamics is apparent from the variations in the frequency in Figure 4 (further evidence is provided in section 6). In this section, we investigate the relevance of Taylor contracts. In Taylor's (1980) model, wage rigidity comes from …xed length wage contracts. To assess the weight of these contracts in the economy we proceed as follows. Four quarters Taylor contracts are de…ned as observations corresponding to the same …rm and to the same occupation for which the hourly base wage changes (at most) every four quarters. Each wage trajectory, i.e. the collection of wage records corresponding to the same …rm and to the same occupation is classi…ed either as one of four types of 'four quarters Taylor contract'(the ones where the base wage changes in the …rst quarter, the ones where the base wage changes in the second quarter, the ones where the base wage changes in the third quarter and the ones where the base wage changes in the fourth quarter) or as a not consistent with a (four quarters) Taylor contract. 17 Results are presented in Table 4 . The weight of 'four quarters Taylor contracts' measured this way is quite small: they represent 13% of wage trajectories, suggesting that such contracts do not describe properly base wage dynamics.
In order to test the robustness of this conclusion, we introduced two variants of that test. In the …rst variant, we also allow two quarters Taylor contracts: the share then rises from 13% to 21%. The second one consists in allowing for small deviations from strict Taylor contracts. We consider as "Taylor contracts" wage trajectories for which Taylor contracts account for a large share of the variance of wage changes. We set this fraction of variance to 90%. We then select trajectories for which the variance of the wage change explained by either one of the quarterly seasonal dummies (interacted with year dummies) in an OLS regression is larger than 90%. By contrast, in the …rst experiment, we required that 100% of the variance was explained. We then obtain that 39% of the trajectories (among those observed in the …rst quarter of 2005) are characterized 'four quarters Taylor contracts'.
[ There are four types of "four quarters Taylor 
Econometric evidence
We now provide econometric evidence on the process of nominal wage changes. Our speci…cation is a ‡exible empirical reduced form designed to account for lumpiness in wage adjustments.
Namely, we distinguish the wage change decision and the size of wage change. This speci…cation is guided by theoretical models. Infrequent wage changes may be rationalized either by statedependent models or by time-dependent models, and the model we estimate allows to investigate whether the probability of a wage change varies according to the state of the economy, as in statedependent models, or depend on elapsed duration as in time dependent models 18 . As regards the size of wage changes we focus here on the e¤ect of aggregate prices and unemployment. Our analysis thus falls in the tradition of empirical 'Phillips curves', though the use of micro data is a distinctive feature. We speci…cally look at two issues which are rarely considered in the micro data empirics of wages. A …rst issue is whether wages are forward-looking, as postulated in the New Keynesian literature, or backward looking, re ‡ecting e.g. indexation clauses or adaptive expectations. A second important issue is predetermination of wages. As discussed in section 2, predetermination occurs when a path of wage increases is set in advance.
Before presenting speci…cation and results, we discuss a few empirical issues. A …rst issue is the modelling of wages in level versus …rst di¤erence, a controversial issue in the econometrics of wages (see e.g. Blanchard and Katz, 1999) . The traditional Phillips curve focuses on the relation between the wage in di¤erence and unemployment, whereas the 'wage curve'literature stresses the relation between the level of real wage and unemployment. We here consider a …rst di¤erence model. This allows to control for constant unmeasured worker of …rm characteristics (productivity, e¤ort, education, etc.). Theoretical models from various branches of the literature indeed point to a wide range of potential individual or …rm-speci…c determinants for the target base wage, and due to data limitations, we lack of …rm-level control variables. In addition some of these omitted relevant variables may be time-varying. Our maintained assumption is then that omitted …rm-level variables are orthogonal to variables related to macroeconomic developments (in ‡ation and regional unemployment) which we focus on.
An empirical model of wage changes
We now describe our empirical model of the size of wage change, adopting the following notations:
w it denotes a wage that changes at time t in a …rm i; p t the logarithm of the price level (measured by CPI) and u t the (regional) unemployment rate. All other variables are collected in a row vector e x it : We note x it the complete set of regressors. As detailed below, we sample one individual per …rm to perform estimation, so we do not distinguish between …rms and individual indices in this section. We consider a linear speci…cation for observed wage changes:
Wages are here modelled in …rst-di¤erence, following the traditional Phillips curve approach.
Given that we are using a panel dataset, one advantage of using such a speci…cation is to eliminate individual e¤ects (see e.g. Bils, 1985 , for a similar motivation of a …rst-di¤erence speci…cation on wage data). Note only individual e¤ects in the level of wage are eliminated. 19 An important issue is that most observations of w it are zeros, so that estimating equation
(1) by least-square, restricting to non-zero wage changes, is likely to be biased due to sample selection. Our econometric model is mainly devoted to address this issue. To handle sample selection, we introduce an "inaction" band for wage changes.
The econometric framework is related to "type II" Tobit models (see e.g. Wooldridge, 2002, p.566) , and in particular to Fehr and Goette's (2005) model of wage change. Related models have been applied to price rigidity (see, inter alia, Dhyne et al., 2007, Fisher and Konieczny, 2006) . Let w it be the latent wage change that would be observed absent wage rigidity. We consider a latent variable y it that triggers wage changes. Both latent variables depend on explanatory variables as follows:
We consider an inaction band so that no wage change will be observed when v it 1 < y it < v it 2 where v it includes a constant and potentially some covariates. By allowing the inaction band to depend on covariates, this model extends that of Fehr and Goette (2005) : The relationship between latent variables and observed variable is the following:
Introducing the latent variable y it as distinct from w it allows us to account for small wage changes. Consistent with the notion of time-dependence, we include in the v it 's indicators variables for the elapsed duration, i.e. the time elapsed since the last price change. This speci…cation accounts for Taylor contracts through allowing the trigger point for wage change to be lower after four quarters. Furthermore, unlike a standard ordered probit model, this speci…cation allows that both the probability of a wage increase and that of a wage decrease are higher, say, after an elapsed duration of four quarters. In addition, the speci…cation allows for asymmetric e¤ect of the covariate on the probability of a wage increase and decrease. To implement maximum likelihood estimation (ML), we assume gaussian serially uncorrelated error terms: " it N (0; 2 " ); u it N (0; 2 u ); and Eu it " it = u " : We interpret as the degree of state-dependence at the micro level. For instance, an unobserved …rm-level productivity shock may rise at the same time the probability of a wage increase and the size of observed wage increase. The probability of a wage increases ((z it v it 2 ) is one object of interest from the estimation procedure.
The likelihood for ML estimation method is detailed in appendix 2. Estimations were performed by maximum likelihood as well as, for comparison purposes, by OLS restricting to non-zero observations. A discussion of identi…cation in our model is in order. For identi…cation z it and v it variables have to be distinct. (3), otherwise identi…cation would rely on distributional assumptions only. Excluding elapsed duration is sensible, since wage setting models do not predict that, other things equal, elapsed duration should matter for the size of wage changes.
We now discuss the alternative speci…cations considered for the model for wage changes. The baseline speci…cation is backward-looking:
where we denote 1 the duration of the spell that ended at date t 1, and for convenience we drop dependence of 1 on …rm index i and date index t. We also drop dependence of the unemployment rate on a region index. An important remark is that we compute in ‡ation and unemployment by the cumulative change of these variables along the ongoing wage spell.
Economically, cumulated variables are relevant proxies for the deviation from optimal wage, that determine the triggering of a wage change. Statistically, these variables are a source of identi…cation, as the duration of spells does di¤er across individuals, so that cumulated macro variables vary across observations.
We extend this speci…cation to test for forward-lookingness and predetermination. To test for forward lookingness, we construct several expectation variables. In the empirical analysis, those forecasts are generated using ARIMA models. For each date t in the sample we generate forecast for the in ‡ation (or unemployment) rate k period ahead which we denote t b t+k (note t b t+k = t b p t+k b t p t+k 1 ) and t b u t+k . Similarly to above, we in the following note 1 the duration of the wage spell started at date t; and 2 the duration of the subsequent spell (started at date t + 1 ). We note 2 the duration of previous spell started at date t 1 1: Our forecasting model allows us to compute forecast cumulated in ‡ation (and unemployment) over the life of the starting wage spell: t b p t+ 1 p t 1 : An important assumption that we are making here is that at date t when wage is decided, the length of the wage spell 1 is known. This assumption is consistent with Taylor like time dependent models (although not with Calvo or state dependent models). Also, in computing cumulated unemployment and in ‡ation, we make the assumption that wages are set at the beginning of each quarter.
To test for forward-lookingness, the equation we consider is as follows:
The parameters f and b (respectively f and b ) provide evidence on forward versus backward looking behavior.
Predetermination is another issue we investigate. As noted above, preset wage increases may account for the short durations (lower than one year) we observe, in a context where wage negotiations are casually observed to be implemented on an annual basis. The simplest, as well as the most plausible according to casual observations, case of predetermination is that one wage contract determines the path of wage over exactly two spells. For instance if a wage change is decided at date t, the …rm sets simultaneously the wage change w it ; the duration 1 , and the size of next wage change w it+ 1 and presumably the duration 2 : In such a case, and assuming a forward looking model, the newly set wage will depend on the overall price increase expected to prevail over the whole trajectory of the contract i.e. t b p t+ 1 + 2 p t 1 : Now, consider the same set-up but suppose the wage change observed at date t is a preset wage change: then the wage change has been decided upon at date t 1 based on information (or expectations) available at that date, and incorporating an in ‡ation forecast for the two subsequent spells, that
For the backward-looking case, we also can compute current and lagged cumulated in ‡ation over 2 spells: (p t 1 p t 1 2 ) and (p t 1 1 p t 1 2
3 ). Similar computations were made with respect to the unemployment rate u t :
To test for predetermination of wage changes, we incorporate the aforementioned variables in a wage change regression. In a backward looking model:
Signi…cant parameters b 2 and e b 2 (respectively b 2 ; e b 2 ) can be interpreted as rejection of non-predetermination of wages. In the case of a forward-looking model:
This regression incorporates di¤erent vintages of forecasts. This test has important similarities with tests of 'Sticky Information'theories as carried out by Klenow and Willis (2007) .
We emphasize that, using reduced forms speci…cations as (7) to (9), we can only provide an indirect test of predetermination and forward-lookingness, lacking additional information. First, as regards testing for predetermination, even if the data were generated by a two-period contract models, at a given date we do not know whether a given observed wage change results from a fresh decision or from the implementation of a wage change that was previously pre-set. Second, we note that completing such a forward-looking speci…cation with a model for the probability of wage change, as we do when estimating the sample selection model by ML, can only be an approximation. Indeed, the way we compute expected in ‡ation relies on a deterministic horizon for the spell (here denoted 1 ; 2 ) which is not strictly consistent with random wage durations that are generated by model (4)-(5).
To implement estimation, given the high degree of synchronization of wages within …rms (see Section 5.3), we sample randomly one employee (or occupation) per …rm to carry our econometric analysis. This removes a source of correlation between observations, namely unobserved …rm-speci…c …xed e¤ects (…rm productivity growth, …nancial position, etc.) without loss of information for our purpose. After this sampling, we obtain a baseline estimation dataset of around 240 000 observations. We complement the dataset by using quarterly series for the CPI, and regional unemployment rates obtained from the Ministry of Labour website. Using regional unemployment rates provides cross-section variability. To compute expectations we estimated a set of ARIMA models over the sample 1990:1-2005:4. 20 Based on BIC selection criteria we selected an AR(3) speci…cation for regional unemployment rates and an AR(4) model for CPI in ‡ation. We then recursively generated forecasts from each date of the sample and match these forecasts with micro data.
6.2 Results: the probability of a wage change [TABLE 5 : Estimation of the probability of a wage change]
We …rst focus on the probability of a wage change and on testing for state-dependence. Table   5 reports estimates for the parameters 1 ; 2 ; from two sets of estimates, under speci…cation (6) i.e. using the baseline (backward-looking) set of regressors. Other parameters produced by the ML procedure are not reported. State-dependent behavior supposes that the timing of decisions reacts to macroeconomic shocks. Here we test this assumption by investigating whether the probability of a wage change depends on (p t 1 p t 1 ) and (u t 1 u t 1 ); thus through including these variables in the set of regressors z it : Panel A reports the results without elapsed duration dummies in the regressors z it while panel B presents results with those regressors included. Marginal e¤ects are reported in the last columns of each Panel. Marginal e¤ects, i.e. the e¤ects of a one unit increase in right hand side variables on the probability of a wage decrease or increase, are computed at the reference category: a manual worker in …rm with over 500 employees, in the manufacturing of consumer goods sector, with a duration over 4 quarters.
Without elapsed duration dummies (Panel A) cumulated in ‡ation has a strongly signi…cant parameter though unemployment is only marginally signi…cant. However, when time-dependent dummies are introduced in the regression (Panel B), cumulated in ‡ation is no more statistically signi…cant while the parameters on cumulated unemployment change has then a positive sign which does not conform to intuition. The marginal e¤ect associated to this parameter is weak as indicated in the last column (a one percentage point change in unemployment rate is predicted to increase by 0.61 percentage point the probability of a wage increase), suggesting absence of state-dependence as long as time-dependence is allowed for. The "Calvo"-type behavior of wage setting can be assessed with this speci…cation, since the probability of wage change should be constant over time under the Calvo model. The joint nullity of coe¢ cients on time dummies is largely rejected, consistent with the ‡uctuations in the frequency of wage change observed in Figure 3 . Overall, we interpret these results as providing evidence against state-dependence and "Calvo"-type behavior in wage setting. They may be consistent with the presence of some Taylor contracts, as suggested by the strong signi…cance of elapsed duration dummies. Noticeably, the probability of a wage increase is higher by 24.6 percentage points when elapsed duration is fourquarters than for the reference duration. This result is consistent with results in earlier sections, e.g. the hazard function in Figure 2 . The clear seasonal pattern in wage setting, wage increases being more likely to occur in the …rst quarter than in others, can also be interpreted in terms of Taylor contracts. Finally, there is some heterogeneity in the probability of a wage change. Wage increases are in particular more frequent in larger …rms, while wage decreases are more frequent in small …rms. The extent of cross-sectoral and cross-occupation heterogeneity is however less pronounced.
The determinants of wage decreases are less clear cut, since marginal e¤ects are low. The probability of wage decrease is larger in small …rms however. Note the dummy variable for duration "one-quarter" has a strong positive e¤ect on the probability of wage decrease (4.8 percentage point). This likely re ‡ects temporary wage increases followed by wage declines, it may to some extent capture misreporting of base wage.
We have checked the robustness of the results using a more ‡exible speci…cation: an unordered multinomial logit model for the probability of wage increases and wage decreases. Results were largely unchanged. Table 6 presents estimation results, focusing now on the size of wage change, and considering alternative sets of regressors. To save space, we do not present parameters pertaining to the wage decision ( ; 1 ; 2 ): In each case, these parameters were close to those reported in Table   5 . Our maintained assumption here, based on the results from Table 5, is that wage setting is time dependent with respect to macroeconomic variables so that state dependent variables are not included in the z it .
Results : the size of wage changes
[ Table 6 reports results for the baseline backward-looking speci…cation. The estimated standard deviation of the error term in wage growth is 3.9%. This high value partly re ‡ects the truncation associated with sample selection, and partly the overall rather poor …t of the model. Indeed idiosyncratic shocks, e.g. …rm-level factors, not available in our data, are important sources of variability in wage changes. Our estimates however give rise to a This large correlation may re ‡ect a high degree of state-dependence with respect to idiosyncratic factors at the company or local level. An idiosyncratic demand or productivity shock at the …rm-level for instance raises both the probability and the size of a wage change. As regards the e¤ect of control variables, it appears that heterogeneity across sectors is rather limited, but that wage changes in the …rst quarter are larger. Wages change by smaller amount in large …rms. This balances the fact obtained from the selection equation that employees in large …rms experience a larger number of wage changes per year. The same patterns regarding the e¤ect of control variables are obtained for all speci…cations, so in the remaining we focus on commenting the parameters pertaining to in ‡ation and unemployment.
Panel B reports the results of speci…cation (7) which nests backward and forward looking behavior. The number of observations (n=160754) is considerably reduced due to the extent of right censored wage spells, for which forward in ‡ation cannot be computed since the end of the spell is not known. The …rst noticeable result is that both expected (forward) and elapsed (backward) in ‡ation seem to in ‡uence wage changes. The two parameters are very signi…cant, with backward looking in ‡ation having a more important role (b b =0.197) than forward-looking in ‡ation (b f =0.110). As regards the unemployment rate, both the backward and forward cumulated rate have a signi…cant and negative impact. They have the same order of magnitude.
Overall, results from estimates of equation (7) suggest wage changes are in ‡uenced both by past and expected changes in in ‡ation and unemployment.
In Panel (C) and (D) we report estimation results for equations (9) and (8). Estimation of these equations raises an important multicollinearity issue since the various forecast terms are largely overlapping. Coe¢ cients are therefore imprecisely estimated. We did not obtain insightful results from an encompassing speci…cation nesting equations (9) and (8). Panel C reports the result of the backward-looking speci…cation with various cumulative in ‡ation and unemployment terms, over one or two spells, included. As regards the in ‡ation terms, both the cumulated in ‡ation rate over the last two elapsed spells and its lag are signi…cant, with respective coe¢ cients 0.152 and 0.053. As regards the unemployment terms, only the lag of the unemployment change over two spells is signi…cant. It is as expected negative (-0.164). Thus, we reject non-predetermination, and this speci…cation suggests predetermination is a relevant ingredient of wage setting.
From the results for the forward looking speci…cation (9) reported in Panel D, we observe that both the current and lagged in ‡ation forecast over 2 spells have positive and signi…cant parameters, while the current forecast over one spell is insigni…cant. As regards the unemployment term, only the lagged forecast over two spells is signi…cant, and has a negative value (b f 2 =-0.357). Overall, while our speci…cations do not allow to estimate a proportion of predetermined and non-predetermined wage contracts, these results indicate rejection of the assumption of no predetermination. Our results are consistent with the hypothesis that a signi…cant part of wage changes is decided in advance, hence based on past information (or past expectations) at the time wage changes are implemented.
We have performed some robustness experiments not presented for brevity. As a robustness check for the ML estimates, we estimated the model with a Heckman two-step procedure detailed in the appendix, with Autocorrelation-Heteroskedasticity consistent standard errors implemented in the second stage (OLS) regression. 21 Results were hardly a¤ected, and the standard errors in the wage change equations were somewhat smaller.
Conclusion
This paper has analyzed nominal wage stickiness using an original quarterly dataset. Our main …ndings are the following. The frequency of base wage changes is around 35% per quarter. There is some evidence of downward rigidity in base wages. Wages changes are mainly synchronized within …rms and are to a large extent staggered across …rms, although some across …rm synchronization is induced by minimum wage changes and by seasonality (wage changes are more frequent in the …rst quarter). Strict Taylor or Calvo models fail to account for the dynamics of wage changes, but a signi…cant share of …rms has a Taylor contract-like behavior. In addition, our econometric results suggest two features of wage setting of interest for monetary policy.
First, there are both elements of forward and backward-lookingness in wage changes. Second, predetermination seems a relevant feature of wage changes. In particular, while wage changes are implemented on average every two quarters, wage decisions are presumably signi…cantly less frequent.
From a macroeconomic perspective, it might be informative to compare the extent of wage stickiness to that of price stickiness. From available evidence on French data, the average duration of price spells is quite similar to that we obtain for wage spells: two to three quarters. 22 However, our results are consistent with a signi…cant share of wage changes being predetermined, which 2 1 We however neglect the fact that in ‡ation and unemployment forecasts are generated regressors in our estimation. Performing the bootstrap, a possible remedy, is prohibitive in terms of computation time.
2 2 See Baudry et al.(2006) , for consumer prices and Gautier (2007) for producer prices. Price rigidity patterns for France are similar to those identi…ed by Bils and Klenow (2004) for the US, but price durations are found to be longer.
suggests that the actual degree of rigidity in wage adjustments is larger than that of price adjustments. 23 In addition, the degree of downward rigidity is much more pronounced for wages than prices: around 15% of wage changes are wage decreases, around 40% for prices.
Furthermore, the absolute size of wage changes we obtain is much smaller than that of price changes. Relatedly we reject state-dependency in wage-setting, while the assumption of statedependence is found to have some relevance for modelling price setting. 24 Our …ndings may be helpful for discriminating among alternative wage schemes in macroeconomic models used for monetary policy. It may be worthwhile to qualify these results by reminding some characteristics of the dataset and some issues involved when using micro data to assess and calibrate macroeconomic models. First, macroeconomic models usually assume that …rms and workers are identical, while heterogeneity is an obvious pattern of micro data.
For instance, it is not clear whether the most relevant mapping with macroeconomic models featuring identical agents or a representative agent, is obtained by considering the average characteristics over observed individual, e.g. here the average frequency of wage changes. 25 Second, the results were obtained for France in a decade of low and stable in ‡ation. The patterns we have obtained may not be invariant e.g. to the policy regime. Also, the dataset used reports the base wage of employees that stay in the same …rm, thus does not incorporate an element of wage ‡exibility resulting from variable payments such as bonuses, or from in ‡ows and out ‡ows of workers across …rms. A relevant area for further research is then to extend the analysis to other countries, and to other, more detailed, datasets. In particular, constructing datasets with …rm-level and employee information at an infra-annual frequency would allow to get closer to performing structural estimation of sticky wage models on microeconomic data.
2 3 Price changes are typically not set in advance. Note however that Klenow and Wills (2007) …nd evidence that price changes in the US are consistent with a sticky information model. Under such a model, the degree of rigidity may also be underestimated by looking at the frequency of price change. 2 4 See Fougère et al. (2007) and Gautier (2007) for evidence on French data. 2 5 See Carvalho (2006) for an illustration of this point in the case of price stickiness, and Hansen and Heckman (1996) for a general and authoritative discussion of calibrating general equilibrium model from micro data.
Appendices

Appendix 1 Alternative indicators of synchronization
We here complement section 5.3 by investigating the following less restrictive de…nition of synchronization. Consider as a benchmark the hypothesis of wage changes being independent across individuals and each occurring with a probability p. For a given quarter, the number of wage changes n in a …rm for which the number of workers (categories) is N cat ; then follows a binomial distribution with parameters (p; N cat ). We then consider that the independence hypothesis can be rejected, and thus wage changes considered as synchronized within the …rm, if the observed n is larger than the 95th percentile of the binomial distribution. The threshold n above which the wage changes are considered as synchronized depends on p and . For instance with p =35%, and a number of employee categories N cat = 12 we select n = 7. Thresholds are n = 2 for N cat = 2; 3; n = 3 for N cat = 4; 5; n = 4 for N cat = 6; 7; n = 5 for N cat = 7; 8; n = 6
for N cat = 9; 10; n = 7 for N cat = 11; 12. With this criteria the share of synchronized wage changes within …rms is then much larger than with the strict criteria used in section 5.3.
(n = N cat ): 73%. We construct another alternative indicator by considering that wage changes are synchronized if all employees within the same occupational category experience a change in wage. Only occupational categories with at least two (and at most 3) employees are considered.
The share of synchronized wage changes is then also quite large: 74%. Note that when restricting synchronization to the case of exactly 3 wages change when 3 socio-occupational categories, the indicator is equal to 65%. For comparison, under a binomial distribution with parameter 35% it should be equal to only 35% 3 =(1 (65% 3 )) 6% (the probability of observing 3 simultaneous wage changes conditional on observing one wage change).
Appendix 2 likelihood for the two-threshold Tobit model
This appendix derives the estimation methods for system (2)-(3). Two approaches have been considered: maximum likelihood and a two-step approach related to the Heckman procedure.
We …rst derive the likelihood function. The probability that wage is unchanged is:
where denote the cumulative distribution function of the Gaussian distribution. In our model, as is typically the case in Tobit models, the variance 2 " and the parameters of the selection equation (2) cannot be separately identi…ed. Hereafter, we impose the identifying restriction 2 " = 1: Then the contribution to the likelihood of an observation with no wage change is
For observations with positive wage changes, w it (= w it ) is observed. The likelihood can be expressed as the product of the likelihood of the observed wage change, and of the probability that the wage change was observed conditional on the value of the wage change. Conditional on the observed wage change w it = x it +u it ; the term z it v it 2 +" it is normally distributed with
The contribution to the likelihood of an observation with a positive wage change is then:
where ' denotes the density of the Gaussian distribution '(x) = 1 p 2 e x 2 2 and the above formula uses the property V (" it ju it ) = 2 " (1 2 ) and acknowledges the restriction " = 1:
Similarly for observations for which wage changes are observed to be negative it is known that z it + " it < v it 1 : The contribution to the likelihood is
The sample log-likelihood is:
The log-likelihood is maximized using a Newton-Raphson algorithm as implemented in the SAS-IML software. The vector of …rst derivatives of the likelihood function with respect to parameters and the Hessian matrix were computed numerically.
An alternative to the maximum likelihood approach, we implemented a Heckman two-step approach. This approach is arguably more robust since allows for a more general distribution of the error term in equation (3). The expectation of wage change conditional on wage change being observed to be positive in the above model can be written as:
For wage decreases, the corresponding formula is:
In the …rst stage, we estimate parameters ; 1 ; 2 using a ordered probit approach with I( w it > 0); I( w it < 0) and I( w it = 0) as possible outcomes. We use the equali-
to construct the likelihood, and obtain estimates of parameters 1 ; 2 ; by maximum likelihood. We recover estimates of the inverse Mills ratios:
Parameter is then estimated using an OLS regression on observations with wage changes w it 6 = 0 :
Note that = u but and u are not separately identi…able in this approach. 
Panel B
Note: The model is estimated by maximum likelihood. Parameters for the size of wage change are not reported. The reference category is : Manual Worker, Manufacturing goods, Firm with more than 500 employees, Fourth quarter, Duration > 4 quarters. The impact on the probabilities of wage increase and decrease are the impact of the change of one unit evaluated for the reference category, and for cumulated changes in inflation and unemployment equal to zero. For the reference case the estimated probability of wage increase is 0.299 and the probability of wage decrease is 0.04. 
